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One of the indispensable tools of electrophysiology is patch-clamp recording, which enables direct observation 
of ionic transport through cellular membranes. It is an invaluable research tool, providing experimental information 
related to cellular electrical metabolism, as well as various pathological conditions. While the inventors of patch-
clamp recording subsequently became Nobel laurates [1], still it can be considered as one of the most complicated 
experimental setups, due to the difficulty in puncturing cells using capillary microelectrodes with extreme 
precision. The throughput of the measurement is also considerably low. Thus, automatized planar patch-clamp 
systems depending on automatic suction of cells using special chips have emerged, considerably increasing the 
throughput of electrophysiological measurements for about a decade [2]. However, they are generally restricted to 
be used only with cultured cells, while they have a poor applicability when isolated cells are considered. Real-time 
observation of the cells for quality assessment, in terms of the measurement, is also not possible.  
 
Fig. 1 The experimental setup for laser assisted electrophysiology measurements. Femtosecond laser pulses are used 
to form a hole in the polymer film, and to open the cell membrane without harming the whole cell. The two electrodes 
measure the electrical activity in both the cellular solution (top) and the electrode solution. This all-optical 
configuration enables measurement of electrical conductance through the cell membrane without use of conventional 
micropipettes. The setup differs from the planar patch-clamp system with the ability to choose the cell that the 
experiment would be performed. 
  
Here, a novel laser assisted method for performing cellular electrophysiological measurements is suggested 
and experimentally demonstrated. Femtosecond lasers have previously been used to form nano-sized pores on cell 
membranes [3], and their effect on membrane electrical polarization was also investigated [4]; however, this study 
is their very first utilization in electrophysiology. In this study, femtosecond laser pulses, coupled to an optical 
microscope, are used to first form a micrometer sized pore on a thin polymer membrane separating two electrodes. 
Afterwards, the nearby cell is sucked on the pore, and a small hole on this cell is formed again with the femtosecond 
laser, revealing the membrane over the pocket for electrophysiological recording. This method could be utilized 
to increase the throughput of electrophysiological measurements substantially, while providing ultimate control to 
the researcher over the experiment, which is non-existent in planar systems. 
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